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(54) METHOD AND APPARATUS FOR OPTOACOUSTIC ANALYSIS AS WELL AS BLOOD COMPONENT 
MEASURING APPARATUS UTILIZING THEM 

(57)Abstract 

PURPOSE: To remove the influence of components contained in 
tissues other than blood and to precisely analyze components in the 
blood by a method wherein a signal component which has been 
frequency-shifted from the modulating frequency of a light source 
out of received acoustic signals is detected and a component 
provided with a velocity in a sample is quantified selectively. 
CONSTITUTION: A light source 1 and a wavelength selection device 
2 are combined, light at a frequency absorbed by glucose as an 
object to be measured is obtained, and the light is modulated to 
intermittent light by a light cutoff device 3. The device 3 is 
controlled by an oscillator 4, and pulsed light which is intermittent at 
a definite cycle is generated continuously, a part of the pulsed light 
is guided to an optoacoustic cell 6 by a beam splitter 5. A part of 
light waves is transmitted through a living body 7, it is absorbed by a 
component, to be measured, in blood 9 which flows inside a blood 
vessel 8, and an optoacoustic radiation is induced. Optoacoustic 
waves which have been radiated are converted into an electric 
signal by an acoustic detector 10 inside the cell 6, the electric signal 
is amplified and waveform-shaped 1 1, the signal is inputted to a 
frequency difference detector 12, and the signal is detected and 
quantified by a frequency analyzer 15 and a central control unit 16. 
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aakfl^ u fcfli#fiS»*tftiH-r * c i «c«fc *) . k$m»<d 

all**** *J«»*aBRW«:3e«r* C £ 4Mit5 




1 

9»*Ki»r*ct«:j:*)»*T*tf 5*»W»*f*ttK: 

•.■r.**»»»«f*j*. 

-m-stfcffl^-o^i^piu mia^t y- nt^t* 
B*miB££ # -eft fcgff y- h e-^tct <o ^mm^zv 

- hmmm^x'wzami,. BiFfBj£<f y- m-st & 

>y;UU ^©^PI^^e.^jgg5!{@^L.A:fi-^fiS 

y- hm#*m»Tsmii#*sflffltci^>y;i,T£c £ 

1 IBiS©}fcWS?#W:££. 

— h4rf»«ffltr»-c^xmu. BtriBiUff y- ki#k: 
f~- hm^zm^x&mmn&mmicy-isrffrL, -en 

-e*i(co tr >X 3fcjgt©g!83jg ej^^^d^ L- A:{I-5| 

•eniiiRWtc^s-r * c <t ^t^fssc t r z>mm i isig© 

[f»*^6 ] SWRS^-tCHW©^^^ h^S©3fe 
i. *K©X'<* h->U&g©^i=Sr3^StCiS']ffi«:fflt\ 
M^<D8?*T*S^Jg:i:b$5-r -S C i tC «fc D . K^^©SW«; 

#©itg£5gs-*-£ c i^if#iti-r-5if*js i - 5©^ 
tts*f»*afts, 
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m rs mm 3 iftwfcgfi y- h m#(c j: 9 

** u xs. t» km* si®^©^iisi<& wr i, miQ&m 
10 g& *^s©-ir y* > h *«c*jw sKttct>©jA#©j&]£ 

[fg^lO] gftlfc^CCllW©*-'*:? h->M&g©3£ 

mm<Dm^mm^i\mr * c <t tc j; 0 , i*^© 

^©jIS^=SrIiJ^TSC t«:?#S!!i-rSfi^l7^9 
©t^-rti^{ciBSg<D3fe^^«f^j*. 

m^m 1 1 ] 1 ~ 1 0 ©^m*i«:fBfg©36 

20 mmmn^m-r^^tumtaymc^mv^x^ 
seu. 6i:!W*©^epfi^©m#^^ww:*^-rs 

iBuiaw^ft-^^sim-r^-te^ifi*. -ff«.©ttat 

•fe >-«BS©^«)iaS*S3g5 a« i f C i i 

•r-2»i«*3S 1 1 fa*s©^#@^w^g. 
[tisra 13] n^m. 1-10 ©u-rn^tctatK©^ 

[n?m 14] tuiaam^&sff #©^ ^5fej®<D^iE)js 

r^^f-r * C i(cj:«5 , jfll^tt3©^5riMWe«j{cSfi-r 

sci<&!it®i-r2>is^i 3ia*8©iN«siJiiifffifi£»aij 
■ ismomBitwiy 

[0 00 1 ] 

40 msttmc c nzmm bxM.m'pom^mia.t sci 

[0 00 2] 

[^*©»iif5] ^«^W^H4fflt»rjflijR*© 
RS^W^tf^tdSL/rtt, ^!jx« > Science.l8l.pp. 
657-658, (1973)«:iBtS$tiri^<t ^ (C, 
.^©jfiuKfcfifijfiLU MICKOffl LT^e,«iJS-rS© 

[0 00 3] 

50 ?aB«BS©MHi«c*«3&»0-C<K, JfitjKTO^ffiS 
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•ca^SU^Ucfc^iTSi. ««n©£#*lt8Ji^«:$ 
'#K*5W3J^©in#llf|gI£fi?r8U *^SP^«t-C^ 

[0004] 

[i$iii£8?&-r*fc«6©fM8] ##feHs©±fagff>w:> # 
it #/£»£t&fcU-r& c iK: <t 0 . ^^©as^w-r -5. 

[00 0 5] 

■*©»&»*> e>#str6ft*w§?s© F^"9»*(cj:*ja« 
8(B& C K ^7 i/7 1- )*n«r s c <b 1 ft *„ & 

#£#8t V T&m. Mm? 2>C £ ItCj: *) , AfftEtfHDflE 
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[0 00 6] 

[^JfcflJ] fc<T\ *^©^«S0!l€rSMK:S-^l,irf¥«ffl 

m-e&z. s-r. *iiss0!i©«^^ift^-r-5„ 11^ 
or. 1 2 attsauittK. SttxaMtta. 

4«fyfS§. Sttt-Afl-gOg. 6l£%**--fcJk 7tt 
8«ii§. 9 ttjfojfc. 1 0 «r§«&fflg % lift. 
WBS. 1 2KHtt8£flkli»k 1 3 ttSI&fct&tHfi. 
14t2ifiMS. 1 5 «^«»»*f«iS. L6»ifiAMtP 
$Sa*ml/ruS. ftfc. fS^HJSl'Ott. Jdlf8© 

icsasti-ci^. ^{c. *^^j©abfp©ftiB5*sii8 

S. jHK 1 £ifcBS8!l$&B2 i©ffl^#tc<fc 0 . asSM 
■ *r*4^U3-x*J!RilR'-r*jfi[S©36«r»-C. *iS»r 

na 3 tc «t 0 m**- .fexxxcaar*:*. 
[oooT] c©*®t^a3 a:«cctt^jig4 tc 

«fc 0 Wt8P 3ti.. C ©#6Hii 4 ©m*?W/<;i/X3£©.^5: 

JU^^©-gP=&^@ 6 (C^ < . C ©^?&©-g|5 
^<*7*3l®L/r. jfiLlf8rt4rijiEnSjfll^9t}3©aiJ 

g-te\U/6l*3©^gPtfcttig l OtCtOmmft-^CC^L.. 
gl2©A#£TS. C©|^ t Jfillf8*?SiEnslfil?S9 

©fis^^^^n^^^ft^tt. ii^ji(©^ffiii 

[0008] — iljRi*'«3^ >3 rft < , 3te8SF«9©^ 
i»aS^{C$*«aS ^L- *^XA(C 
<fc O^lift^&WSns^ £f*H)mi3gK£WL& 
l^c*. ^ftiffl^CC^StasyjUn-X^e,©^^^ 

-#©#&£> SigfttSHDig 1 3{C«fc07fem^L-/c 

it*isi4«:«t»5i9*s-«^E^b. mmnth 
»; c©sm^©s«^(c*f-r-s^^ff-^©s^$fefi 

©e> «JflLa3(C{6^A:Attfta9^*r«JS^«4(kU • 
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[0009] *JBHW©*«fiSiHR»c-3i>r. » 

«. #PBBS60-236631# &#RtCl87ft£*VC«,»S©£|g« 
iC, 201/3 ©fisStfHIigtCfcW -5. 2280nm©$:lK£fl3 
lr»-C*S*»*T*fr -5 /C C © «fc 5 ft &g©:fc£ffitffl?- 
•5>7feSS 1 <!; L/tT, iiB^Wi ra««:feiaS*S3300* K 
©^oy>5>:/£&flll,-Ct,>S. 201/3 
-^©»J3£(C«. ±i2J^1-©20l/3-;2.©<RjKj£g % m 
xJ£. 1575nm,1765nm,2lOOnm4> L < (i2290ntnftiS©«ftiK 
b--2?*ffit,>-Cfc&< . flfe©J&#©#*TtCtt. * 

©J«#©*iR«**ffll,»*i«J:l». «*.«.' fl&©jjfc&© 

WilyTtt'v. J tyD0 1 3>^fP-j|, 1 RR 1 h 

»J * 9 P ,MUaSf** 0 . t*l*n. 700nm,l 

720nm,6760nm,6990nra,6060nn^«: (RfRt*— 2>#S&& . 

W>(V/f) 

6. ±jfi©*jR©«W«:H"i-««|W*. *tt£W«t# 
.ffltcotaTttje?**©-?*'). iSSSistftft^ftteo 

t»fc. iai«©sftfta. -fl«tt%XM^BHii/c«>*6 
«*>»)«:. ji»«BSM(a3ai-rs«aseii^«Ai» 

£JIMM£'b . -etiigr* **(lffllSIH*>6©fg^{c «fc «3 

ftm-rzmwi&K.Mmu* ^ssBi/-cs*/<->u^©a 
[ooi2] *jGMwctt. c©iestt©jnaaK f «. 

f = 200k Hz, ^•-■y-.f Jtttsa^iUfc. tB2ISS[©S 

ftu. *fc. ^©l(£tfeS«^&Sk©-i/2^K:J:b^l^*fc 
©> ^^E*>£jfol?$T©gg8ii!>igt,=.i§-£W:. 

'*rt**«6©j:9tc. C©$Ht84tt. (pftltHHHRB 1 
4©jg^«icfc0. tt^©^-y>xTl#SM?&<&^ig]o-c 

[ooi3] sfc^fistfljrtt, tr-A#t(igf 5 <t ur, 5 
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* [0010] <&&m$m&2 1 ox. h. 

&£&jmtmync. zaj-zz&mLx^z. ta 

i**««©*ft**8£-r*U-1f£«Hll>-cfcJ: 
t>. C©«fc5ttU— tfibrtt. £«©¥ig{*:U — tfj&S 
ffffiw:fli»,»6*i£. c©te. #*i/— ififej&u— ift 

om&eb&mxitz. fe^sA,. w£*Mu&ft©&tt 

10 «Stfi6fflnj|6r* «j % •t^i'n J <-^©$ijaifci / < « 
*fe«©iM!R«:«t 0 . *©»*©#tt*f»ttf«u». 

•te20<> 64>ft < i fe 2 IS3fc#Sflt»*S3&£ U ft 

ft«ft<=>ft<,>., 

[001 1 ] seo-c. ^©ifgwtcBSb. jfitie&KV£ 
7^g^©^jg^ f <t *m»r . 

••••(1) 

ttig^fc^WftK, ffe©^**, ffi©ffija^©fe©j&ffl(,» 

tmt'Lx. Gk*mi*tt#, *«©«fi©**j:<a 
rtmxubtiiz. m<Dttn&m^x<b<i:^. ttc. Tm 
<om 2 <D9mm<D j; 5 tc , c ©m*4*^i 1 x •? 7 4 

*>0 i Cft<. tr-A^-f!lS|5<!:^S-fej|/6i©ra©^ 
^^^©iSgtcmiSctt^^/c-ar-S, C i nJtg-C*-&„ 

©(sis. ^©ftSrii^Difigft^?:^^-^©^ 
30 $ L l>. C ©JftA*««r 5Ci J: 0 , ffi^©^p^W 

[0014] ^ife^J-Ci*^ ^7©«iJ^SI5fii L.-C. 
JdK^mSP. 6m& thX&M*mMc. sbL^tLX 
it. t*S®*^©SE@i*i^< . F"9S©*(,^©<&jl^r 
SCiKJ;«5. Jt*^©J!aW*5iae*5S«>. *< 
9J3£*faR«JS*»e>©^W»m#*s^O*©T. »c»AK 
f*«M*>€>©Sigt*J+^< > *S 
*>+^*W*a«. S'J©SIJ{4©^M*-5^«i!iM4ffl^r 
fc«fcL». *Wt«rti. ^^HiSl Oitt, PbZr 
40 O s -PbTiO s S% 5 i'^i^^U^^i^ffi 

CiK:J:D. W-/>tf i -y>^*JA*©*tia.'5MRa 

vis)«:ifi<. */csam*feg^^«©js^w*if#e,n 

'E*t*tt©«rffi(C«»U>Xi«W6^Jt*Rw. $ 
50 3>7 ; >-9-^€r > SS^tl/TfflU5v.i'5n*> 
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i>. ®m»iffevibz. * f d». x®&&m?zmm&<ommLt ; hlukx 

[00 15) -»«:. jfiLiStc^-r^llSiiPmScjaj v(tfctB2§;frft*lE,!: •$"•£). jfiiifc*T©^jf cc^isoom 

-r8)*50tNfc££&, ##^{i-Sf© K:/? ->? >©* * 

f d=(v f cos0)/(c - vcosfl)^ (v f cos0)/c "••(2) 

fc*. f d *23HzCDK?9!/7 h#£DS. #^5i0!l ^^©ffi^K^nS^WS^fcl&SU-C. lfiljfi 

Jl&3SfcMtfctil& 1 2 £ It, a£@& 17, &® *©^3-XCDIEBt^*T^f jt4C <!: ^SttfS. 
ilia? * 1 8. ifif^SjiiS^ l 9*>e>E££&© 10 ft*&ft©8rri5-ew:. F^^s-'^ h©!*^^ 

*«Miori»«. t©@Bg©^tt. jRenKii^&mi nr. ®m&m&Ltci$&tLtj:i.>mft<Dmznmrz 

mstm&t'cm'p-rz. citcJis*. c©^«. ifiijs^i©^^-^,*:^ 

[0016] o*9 . SJ»^tBS*>6©ftiaiSSta)= t£©^U=i-X<!:£|ZS!|-rtf-r. **frt£M££-rSf> 

2* f ©HiH^CBsin(cot))i Yzf=>ftmmSiJ&ft<jyd H<h&*. ftfc. *f[JtW'Ctt. S§WufiL£«8iJLfcfctf> 

= 2tc f d^tf ^#S«-^CAcosCco+a)d)t )i* > JfajjK&ttM©I^£Ci<^££«-r. MX$>-^tc 

iS^EISSl 7(c£«mw^fetK2Siitfc#D. {BMtaA7 *s. UJRjliLgttffil : *JSg|*. ^HiL.fcjt«ca©^p B ^ 

jJl<Zl 8lcJ:K>T&tj:-m®mi8,ft* : m3i-?Z>tticJ: ttZiMBL, JRiBIMl/fcfll#jif«f*tf9-C4K:j:»). 
•3. Mff#©MJSiS^-C*SAB/2sin(6)d t). -3$ |6j±T&C £ *>nj#g M£«J© 

-om^X 2^iJ©@3S*1tfiS;l/. -&^?>JtC*fOT^JgS [0019] *JUS{f9^*©jam i b-Ctt. J^^SUffl 

4^?,5(,iK:90' (4tB*^j:SS»f#*^ifi&-r^90* ©fI#<LLT. «*^^UX*m^fi«:«IOiIL/#l^3-<±fc 

{4tBM^^ifcnj«6-C*S. C©ig£. Ui^iLrA a^#£^©££fiSfflTS titers, «-^©»flfefeJ: 

B/2sin(todt)*i«fcD t AB/2cos(cod t )© 2«©F WIWTJ&SCi, jfilijfoIKK:&-r iftlJIK 

1 9 tfrfrJgEI£-£#M«iteJ:S^&© K^7«#W± -c*-2>. 02©»jfeWi^ l ©JI^J £©«)&£©£& 

*35<*#>6>©DC{i#£|&3nr £*:&©*>©-<?. ffljt^W. A- 7 5 5-5 «#ffil,ttl»C «!: i, 

X-te&mmtil&O .1 Hz. 3&©7-/>*£fflt>A:. 'J >£OW;*A£Hft2 0 £S?rfcK:«fflU 

[0 0 1 7 ) ^^JSWfttSitft-^^f^/cSXC^-^ 30 ffi@Sg<!:LTlWt^©#i&Sfc©Cl 2' )GW1TSC 

5-7-5 <t«l»^aill 3©M^-&*ffll^c*5. <t-C«,S„ *fflaU©tBj&£i l,T«. j£8£M3 

jKiig3 a»^e.+^-iEst^«mft-^*5?f en-sis^ t<om*%&?7 -i^z 1 -cif^Lfccit. 

^JSt^f^^^t^gl 5iLt, A/D3>^ 4©*Bg-CA^,. E4tt. KI2 ©iyfiffilTfflt,>4^jR^ 

h.w#e>n*. tpikmmmsii 6«. ±ie#«« sr2©sa6fc0fl©sw£ig3, s4^ffl^rittB^-r 

8ttt*n»IRH>©^3-^®«fl[«:*Jj£;-r4. — 0 SP^gl 6*>6©&fiy- hft^S^Jt. C©ffiiMig 
tltt«E«lftif«:dan*»jhl/A:^U=i-^teJ:i«-«» . KBMlWrtt. fiJiH^© JSiKCkf 41MHz. r^-'f^ 

©^•^. is^is? -f )iz 1 9tc«t-,rti^*L.^n^ tt*5o%. h u^xo^mm^m-rz^jv^ 

[00 18] L*>b. Wf-^W. ^^$4±T^i?K: fc. U-Y >^cO©^VUX^so«i: L/c/c 
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[0 0 2 1 ] *HJSt?fl-C«. C©#ig£. $#VT4i\ 
2 1 1*** «Hs* 6 Kit&ig < C £ (C «fc *) / ggi2g© 

©y;U3-*rt«££nT*#®^£m^ Ch*t 

ss^msi i o . whs 1 1 . gi^niK i7'. mmm 

7 a >l>* 1 8 ' FT" 5 V7 m#«:ISS.£ 

■ gRZO tcXtrtr&t. nOTftftrw WcD<Wi$(cJ: 

[0 0 2 2 ] *Xtfe0TCtt. C©&©?fi|Sitjfi:7 

2 3 TOi«aB8a©«!4 lT; J* 1 <DXtfcffl<h'l3Mt 

ft£li£#©I?§!=S:l&*U-t\ ^^^©^^-^©iEFg 
teftftZft Him^. #J«fe^lI«©8W©lll l 
{*. f^7r-fA2 i *ffii>r:fc&£#wsH2;i>6«:B: 
J£ig< c £«:«*:*). ggffiB© a Sfc. 
TfcJii** iSM-e S * C £ r * S . #g«fc09B w©JSb^© 
^2«, £»*''0i'*83ii;. sNfjcB^ra©^-/ u-Yfc<fc 
*•!?->:/ y>f*tf £tc<fc 9, ^aiSK:*^>3lS 

03 ©JBMfjrtt. ±j£©0 2 ©H*gp«£ «t£i^«s©jg 
fSfcJBofc**. ^fi^£©®£tcJ:*jg&t&M*fctb 

•?>. *«t a»7 ^ 3f 2 3 x~mmmz otcwomm^ 

S©^fii=&iBiiJl//c. C©m3©|Si6fi?iJ®W©!^S 
[002 3] mk. »4©3»Mfctt. ±2&©03©$| 

mm tmmm<Dmf&*m^tc&> ?>7vi>if>wx 

&£|5|SS2 0£ LT. ■5^a&^«^©f s ^ W©f»# 
K08S2 2*}«kU f ^nJW|i4©llSg ; S:^ 

{im^jk/but. ss«y-nt-^c:«tK:^n-en©[i 
#sa»tt©«fi*tiifjuc. ^y-Kt^©^^ u-fn# 
pa <t * ©§a (lissom/ s ) t <om t h^twsm 

ft§S-tS5&£ : i-^tBS£©ffili?rffltiT. imROgUS 
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Ltctbl. 5tnm£^2.3ram^4'^£^-5 2-P©aie^ 
6©ft#f-5'A5|lS'J§nTI,^*i. -^tX-?^ glj©# 

[0024] #5l«&0iJB*©!if SHi. i*f4*©3ts§«:r& 
ofc-:fc7c©tt#R£-gKf#S t £*5-Ct -5 C £-C*> 
•5. */c. iffltt5l3©)S^£jlii?Kit>©fiSi»<!: : &gEa©S% 

©S8St<i©Sfty- h ff-if ©&*>»?•*> 

U 1f>7VU*-^ F@S§2 2*ScfcD r -?-tlJi(|^©|pI?gfc 

■** W©» 5 ©^JS^tt. ±|g0 4 ©Slife^© CT£ < |g 
^!©S<iy- Hf-iftr/BUSfc©©. -e©ffe©^^(i^ 
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